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Figure 1.  Várzea in Brazil.  Photo by D. N. Santos, through Creative Commons. 
Inundated Forests 
The classification of inundated forests has been 
inconsistent even by botanists, particularly in different 
regions (Prance 1980), making descriptions of the 
vegetation based on literature difficult and confusing.  
Prance divided these forests into periodically inundated 
(seasonal várzea, seasonal igapó, mangrove, tidal várzea, 
flood plain forest) and permanently waterlogged 
(permanent white water swamp forest, permanent igapó). 
Inundated forests are forests that are constantly or 
periodically in water and include the igapós (Figure 2-
Figure 3) and várzeas (Figure 1, Figure 7) (Pires & Prance 
1985).  These flood forests cover 2% or more of Brazilian 
Amazonia, excluding the rivers themselves.  For example, 
the palm Astrocaryum jauari is, in various places, flooded 
30-340 daya a year (Piedale et al. 2005, 2006).  The igapós 
are black and clearwater areas, whereas the várzeas are 
muddy waters.  In the black and clearwater areas, the igapó 
gives the water a golden appearance (Figure 4)  (Pires & 
Prance 1985).  In flood season, the igapó trees are flooded 
so that their trunks are completely submerged (Figure 5), 
permitting one to canoe through the canopy (Figure 6). 
 
 
  Figure 2.  Diagram of igapó showing water level fluctuation 
for a mound of trees.  Modified from Piedade et al. 2006. 
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Figure 3.  Flooded igapó forest in Black River of 
Anavilhana, Brazil, in 2014.  Photo courtesy of Tatiany Oliveira 
da Silva. 
 
 
Figure 4.  Golden water in flooded igapó forest in Black 
River of Novo Airão, state of Amazonas, Brazil, in 2014.  Photo 
courtesy of Tatiany Oliveira da Silva. 
 
 
 
Figure 6.  Canoeing through canopy of flooded igapó forest 
in Black River of Anavilhana, Brazil, in 2014.  Photo courtesy of 
Tatiany Oliveira da Silva. 
Amazonian floodplains is based 
(Ferreira et al. 2005, 2013).  
ea (Figure 1, Figure 7) are 
the 
Várzea and Igapó Forests 
The classification of 
on water and vegetation types 
The igapó (Figure 8) and várz
most common of these.  The várzea is a seasonally 
whitewater-flooded forest growing along rivers in the 
Amazon.  The igapó forests are seasonally inundated with 
freshwater and typically occur along the lower reaches of 
rivers and around freshwater lakes, whereas the permanent 
igapó forest is in water year-round, but with fluctuating 
water levels.   
Using 100 plots, each of 20 x 20 m, within 4 hectares, 
Ferreira and coworkers (2013) identified all trees and lianas 
greater than 10 cm diameter at breast height.  They 
identified a total of 97 species, with 75 in igapó and 48 in 
várzea forests.  Only 26 species occurred in both forests, 
indicating that these are distinct forests.  The várzea forests 
have more soil nutrients, more light availability, and 
greater natural disturbance, perhaps helping to explain the 
plant diversity differences. 
 
 
 Figure 5.  Flooded igapó forest in Black River of 
Anavilhana, Brazil, in 2014.  Photo courtesy of Tatiany Oliveira 
da Silva. 
Figure 7.  Várzea forest, Marajó, Brazil.  Photo by Dayse 
Ferreira, through Creative Commons. 
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Figure 8.  Igapó in Brazil.  Photo by Lisa Cyr, through 
Creative Commons. 
Cerqueira et al. (2017) studied the epiphytic 
bryophytes on Virola surinamensis (baboonwood; Figure 
9) in igapó (Figure 8) and várzea (Figure 7) forests in the 
Caxiuanã National Forest.  They found a greater richness in 
the igapó forest (44 species) compared to that of the várzea 
forest (38 species) (Figure 10).  Furthermore, the 
composition of the bryophyte communities differed 
between the várzea and the igapó, but did not differ 
between dry and rainy periods.  Although Cerqueira et al. 
(2016) studied only seven species in detail, two species 
were associated with the forest type and two species to the 
seasonality of flooding.  They identified 54 bryophyte 
species in 502 samples; 34 were fertile.  Sexual 
reproduction predominated over asexual (Figure 10). 
 
 
Figure 9.  Virola surinamensis, an igapó substrate for 
bryophytes.  Photo by Reinaldo Aguilar, through Creative 
 
Figure 10.  Reproduction of bryophytes in inundated forests.  
Numbers refer to number of species.  Modified from Cerqueira et
al. 2016. 
es as they relate to degrees of flooding in the 
igapó and várzea.  They sampled eighteen transects each in 
the igapó and várzea forests of São Domingos do Capim, 
Pará State, Brazil.  As in many rainforest studies, they 
found that the leafy liverwort family Lejeuneaceae (Figure 
28) was the predominant family, with 63 species.  Among 
the mosses, the Calymperaceae (Figure 11, Figure 30) had 
the most species, with 8 species.  In total, they reported 118 
bryophyte species, 82 liverworts and 37 mosses.  Live bark 
was the most colonized substrate, with 45 species exclusive 
to it, but 101 species in total on bark.  Decomposing bark 
followed, with 66 species, 16 of which were exclusive to it. 
Floodplains and Mangrove Forests 
Mangrove forests and floodplains are subject to
inundation by salt water (Pires & Prance 1985).  They are 
spec
2). 
 
 
 
Lopes et al. (2016) compared the bryophyte 
communiti
 
ies-poor and typically quite uniform.  Among the 
primary tree species is the mangrove, Rhizophora mangle 
(Figure 1
 
Figure 11.  Calymperes tenerum, one of the common species 
n mangroveso
M
 in eastern Thailand.  Photo from Auckland 
useum, through Creative Commons. Commons. 
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Figure 12.  Rhizophora mangle, a primary species of the 
mangrove forest.  Photo by Steve Hillebrand, through public 
domain. 
In Thailand there are about 40 tree species in the 
mangrove forests (Thaithong 1984).  Among these, only 10 
species support epiphytic bryophytes.  Thaithong found 
only 5 species of mosses and 21 species of leafy liverworts.  
Rhizophora apiculata (Figure 13) was the most favorable 
phorophyte for bryophyte species richness, with 23 
bryophyte species found on this host.  She found 22 of the 
111 specimens of bryophytes belong to only 5 species of 
mosses [Calymperes tenerum (Figure 11), Calymperes 
hampei, Octoblepharum albidum (Figure 14), 
Leucophanes albescens (see Figure 15), and Dixonia 
orientalis].  The remaining 89 specimens were represented 
by 21 species of leafy liverworts in the genera Frullania 
(Figure 26), Lejeunea (Figure 16), Acrolejeunea (Figure 
17-Figure 18), Mastigolejeunea (Figure 19), 
Lopholejeunea (Figure 20), Pycnolejeunea (Figure 21), 
Thysananthus (Figure 22), Schiffneriolejeunea (Figure 
23), Caudalejeunea (Figure 24), and Cololejeunea (Figure 
25).  The most common bryophytes, occurring in both the
east
a (Figure 29), all leafy liverworts and all but 
Fru
 
ern and western mangrove forests, were Frullania 
meyeniana (Figure 26), Acrolejeunea fertilis (Figure 27), 
Cheilolejeunea intertexta (Figure 28), and Lopholejeunea 
subfusc
llania in the Lejeuneaceae.  In the eastern mangrove 
forests, the moss Calymperes tenerum (Figure 11) is also 
common, whereas in the western mangroves Calymperes 
erosum (Figure 30) is common. 
 
Figure 13.  Mangrove of Rhizophora apiculata, a favorable 
host for bryophytes in Thailand.  Photo by Bernard Dupont, 
through Creative Commons. 
 
Figure 14.  Octoblepharum albidum, a common species i
the 
n 
mangrove forests of Thailand.  Photo by Bramadi Arya, 
through Creative Commons. 
 
 Figure 15.  Leucophanes sp.; Leucophanes albescens is one
of five species of mosses in the mangrove forests of Thailand.  
Photo by Neils Klazenga, with permission. 
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Figure 16.  Lejeunea flava, member of a common leafy 
liverwort genus in the mangrove forests of Thailand.  Photo by 
Scott Zona, through Creative Commons. 
 
 
Figure 17.  Acrolejeunea fertilis, member of a common leafy 
liverwort genus in the mangrove forests of Thailand.  Photo by 
Heino Lepp, Australian National Botanic Gardens, with online 
permission for non-commercial use. 
 
 
 
Figure 19.  Mastigolejeunea auriculata, member of a 
common leafy liverwort genus in the mangrove forests of 
Thailand.  Photo by Blanka Aguero, with permission. 
 
 
Figure 20.  Lopholejeunea subfusca, member of a common 
leafy liverwort genus in the mangrove forests of Thailand.  Photo 
by Yang Jia-dong, through Creative Commons. 
 
 
Figure 18,  Acrolejeunea fertilis, in a common leafy 
liverwort genus in the mangrove forests of Thailand.  Photo by 
Heino Lepp, Australian National Botanic Gardens, with 
permission only for non-commercial use. 
Figure 21.  Pycnolejeunea pilifera, member of a common
leafy liverwort genus in the mangrove forests of Thailand.  Photo 
by Paris, Muséum National d'Histoire Naturelle, MB, through 
Creative Commons. 
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Figure 22.  Thysananthus repletus from China, in a common 
leafy liverwort genus in the mangrove forests of Thailand.    Photo 
by Y. M. Wei, courtesy of Robbert Gradstein. 
 
 
Figure 23.  Schiffneriolejeunea polycarpa, in a common 
leafy liverwort genus in the mangrove forests of Thailand.  Photo 
from <docencia.udea.edu.co>, with implied permission. 
 
 
 
Figure 25.  Cololejeunea cardiocarpa, member of a common 
leafy liverwort genus in the mangrove forests of Thailand.  Photo 
y Paul Davison, with permission. 
 
b
 
Figure 26.  Frullania meyeniana, one of common species on 
Rhizophora apiculata.  Photo by Scott Zona, through Creative 
Commons. 
 
 
Figure 27.  Acrolejeunea fertilis, one of common species on 
Rhizophora apiculata.  Photo by Heino Lepp, Australian National 
Botanic Gardens, with online permission. 
Figure 24.  Caudalejeunea lehmanniana, member of a 
common leafy liverwort genus in the mangrove forests of 
Thailand.  Photo by Scott Zona, with permission. 
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Figure 28.  Cheilolejeunea intertexta, a species common on 
Rhizophora apiculata in Malaysia.  Photo from Wilding et al.
2016, with
 
 permission. 
 
Figure 29.  Lopholejeunea subfusca, one of the common 
species on Rhizophora apiculata.  Photo by Yang Jia-dong, 
through Creative Commons. 
 
 
Figure 30.  Calymperes erosum, one of the common species
on mangroves in western Thailand.  Photo by Li Zhang, with
perm
stakes to examine bryophytes on the microtopographic 
gradient of a floodplain forest in the Luquillo Experimental 
Forest, Puerto Rico. They assessed biomass and nutrients, 
finding 210-1400 kg ha-1 of ash-free biomass.  Nutrient 
levels for bryophytes in the floodplain floor in kg ha-1 were 
N (9.1), P (0.5), K (3.3), Ca (1.7), Mg (1.7), Mn (0.33), Fe 
(11.6), and Al (13.8).  These accumulations are in the same 
order of magnitude as those of the fine litter, suggesting 
passive accumulation.  On streambank slopes or slopes of 
tree mounds, the biomass and nutrient accumulation were 
greater than in other microhabitats.  Frangi and Lugo 
concluded that the floodplain bryophytes serve as biotic 
filters of flood waters, helping in retention of nutrients in 
these habitats. 
Studies on bryophytes of tropical floodplains and 
mangrove forests seem to be minimal.  Yamaguchi et al. 
(1987) listed the terrestrial bryophytes in mangrove forests 
of Japan.  Windolf (1989) analyzed the bryophyte species 
in sub-tropical mangroves in southern Queensland, 
Australia.  Windolf made 337 collections and described the 
host-substrate relationship, comparing bryophyte
occu
Hydropogon fontinaloides occurs in periodically 
inundated locations in the Orinoco and Amazon River 
floodplains (Mägdefrau 1973). 
Pirizal 
The pirizal vegetation occurs only in small, restricted 
areas.  These are shallow lakes or puddles and the water is 
stagnant, dark, and transparent.  This tropical habitat is not 
typically a habitat for bryophytes. 
Peatlands 
Gates (1915) reported on Sphagnum (Figure 31-Figure 
33) bogs in the tropics, noting that these had only been 
described from higher altitudes.  Eddy (1977) provided a 
treatment of the Sphagnum species of tropical Asia. 
McQueen (1991) considered the Sphagnum-
dom
, based on levels of pH, conductivity, and 
conc f K N  S
 
 
ission. 
Frangi and Lugo (1992) used 10-year-old wooden 
 
rrences to those on the adjacent non-mangrove trees.  
There seems to be an absence of ecological studies for this 
habitat. 
inated peatlands in southern Ecuador to be similar to 
the intermediate or transitional poor fens in the Northern 
Hemisphere
entrations o  Fe, , Mg, Mn, a, and P. pecies 
included S. magellanicum (Figure 31), S. recurvum 
(Figure 32), S. sancto-josephense, and S. denticulatum 
(Figure 33). 
 
 
 
Figure 31.  Sphagnum magellanicum, a species found in 
Sphagnum-dominated peatlands in southern Ecuador.  Photo by 
Michael Lüth, with permission. 
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Figure 32.  Sphagnum recurvum, a species found in 
Sphagnum-dominated peatlands in southern Ecuador.  Photo by 
Malcolm Storey, <www.discoverlife.com> through Creative 
Commons. 
 
 
Figure 33.  Sphagnum denticulatum, a species found in 
Sphagnum-dominated peatlands in southern Ecuador.  Photo by 
Michael Lüth, with permission. 
Wolfe and McQueen (1992) noted that few tropical 
studies of Sphagnum (Figure 31-Figure 33) habitats had 
been published and that these were restricted to the páramo 
in the northwestern part of South America.  Cleef (1981) 
distinguished four kinds of Sphagnum bogs in the
Cor
habitats including wet seeps, 
peaty lake shores, floating mats, and boggy glacial valleys 
at 3,600-3,850 m asl. 
Peatlands are not always Sphagnum (Figure 31-Figure 
33) habitats.  In the high elevation tropical Andes of 
Colombia, similar conditions to those of Sphagnum bogs 
prevail, but these peatlands are Distichia muscoides 
(Juncaceae – rushes; Figure 34) cushion bogs.  These 
cushions provide similar function and structure to those of 
Sphagnum in boreal and austral regions (Cleef 1981; Fritz 
et al. 2011).  Even the dead parts of these cushions fall to 
the bottom of the pool and are converted to turf, as does 
Sphagnum (Cuatrecasas 1968).  In the high Andes, such 
cushion plants are restricted to areas with poor drainage or 
that have a positive water balance (Cleef 1981; 
Kleinebecker et al. 2010).  Benavides et al. (2013
concluded that cushion plants are "capable of reducing
met
abitats are in danger of extinction under most 
limate change scenarios (Colwell et al. 2008; Ruiz et al. 
2008). 
 
 
dillera Oriental of Colombia, distinguished on the basis 
of vegetation, pH, altitude, and peat depth.  In addition, 
Cleef described Sphagnum 
) 
 
hane emission on an ecosystem scale by thorough soil 
and methane oxidation," whereas Sphagnum lawns had 
substantial methane emissions.  These mountaintop 
peatland h
c
 
Figure 34.  Distichia muscoides, a member of the rush family 
Juncaceae that resembles moss cushions and is forming a cushion 
bog like those found in the Andes.  Photo by Sergejf – Bofedal, 
through Creative Commons. 
Likewise, despite geographic differences, the niche 
width and overlap values of Sphagnum (Figure 31, Figure 
35) species in tropical Costa Rica are similar to those for 
Sphagnum species in North America (McQueen 1995).  In 
Costa Rica, S. magellanicum (Figure 31) and S. sparsum 
have the broadest niche widths.  Despite its relatively 
narrow niche with, S. sancto-josephense is one of the most 
common Sphagnum species accompanying the other two.  
The niche overlap values are high, except for that of S. 
platyphyllum (Figure 35).  This species occurs in habitats 
rich in iron.  The pH, conductivity, and concentrations of 
Ca, Fe, K, Mg, Mn, Na, and P in these peatlands are similar 
to those of the páramo habitats in South America. 
 
 
 
Figure 35.  Sphagnum platyphyllum, a species with small 
niche overlap in Costa Rica.  Photo by Michael Lüth, with 
permission. 
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In Bolivia, McQueen (1997) determined that, based on 
pH, conductivity, and concentrations of Ca, K, Mg, Na, and 
P, the Sphagnum habitats in páramo and cloud forests of 
Bolivian Andes are ombrotrophic.  In these habitats, the 
Sphagnum forms small, scattered carpets.  The species 
include those from Ecuador and Costa Rica.  Common 
species are S. alegrense, S. boliviae, S. cuspidatum (Figure 
36), S. magellanicum (Figure 31), S. oxyphyllum, S. 
recurvum (Figure 32), S. sancto-josephense, and S. 
sparsum. 
 
 
Figure 36.  Sphagnum cuspidatum, a common species in the 
páramo and cloud forests of the Bolivian Andes.  Photo by 
Michael Lüth, with permission. 
Bosnian et al. (1993) described cushion mires in the 
páramo.  Two types are dominated by tracheophytes, with 
Campylopus reflexisetus (Figure 37) occurring on the 
cushions.  Two are dominated by bryophytes.  The mosses 
Sphagnum sparsum, Breutelia sp. (Figure 38), and 
ampylopus cuspidatus var. dicnemoides (C Figure 39) 
ominate one of these, and the leafy liverwort 
phonardia laxifolia along with the tracheophyte 
Cortaderia sericantha (Figure 40) dominate the other.  The 
Sphagnum sparsum type requires higher conductivity of 
ground water, higher NO3 and PO4 levels, and lower Fe levels.  The Lophonardia laxifolia type requires lower 
levels of K and Al.  A fifth type is dominated by 
submerged Sphagnum cyclophyllum (Figure 41), whereas 
the sixth has only the aquatic vegetation of Equisetum 
bogotense (Figure 42) and algae.  Moss cover is low in the 
water-filled depressions among the cushions. 
 
d
Lo
 
Figure 37.  Campylopus reflexisetus, a species that occurs on 
tracheophyte cushions in cushion mires of the South American 
páramo.  Photo by Michael Lüth, with permission. 
 
Figure 38.  Breutelia, one of the dominant mosses in one 
type of cushion mire in the páramo.  Photo through Creative
Commons. 
 
 
 
Figure 39.  Campylopus cuspidatus, one of the dominant 
mosses in one type of cushion mire in the páramo.  Photo by  
ichael Lüth, with permission. M
 
 
Figure 40.  Cortaderia selloana in Brazil; Cortaderia 
sericantha, along with the liverwort Lophonardia laxifolia, 
dominates one of the moss-dominated cushion mires in the 
páramo.  Photo by H. M. Longhi-Wagner, through Creative 
Commons. 
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Figure 41.  Sphagnum cyclophyllum, the dominant species
in one type of cushion mire in the páramo.  Photo by Blanka
Aguero, with per
 
 
mission. 
 
Figure 42.  Equisetum bogotense, the dominant plant in one 
type of cushion mire in the páramo.  Photo by Penarc, through 
public domain. 
 10 microsatellite loci, they 
etermined the species to be highly variable.  They 
entified 31 multilocus genotypes.  This variability 
suggests that sexual reproduction is successful on the 
island, although capsules have not been found.  On the 
other hand, gene flow among populations appears to be 
very limited. 
 
Liu et al. (2014) examined population structure of 
Sphagnum tumidulum (Figure 43) on tropical Reunion 
Island.  Using genotypes at
d
id
 
Figure 43.  Sphagnum tumidulum, a common species on 
tropical Reunion Island.  Photo by courtesy of Jacques Bardat. 
Oxygen deficiency is important for the survival of 
Sphagnum spores (Figure 44) (Feng et al. 2018).  After 60 
days of storage, those spores that experienced oxygen 
injection had lower germinability than those that lacked it.  
High pH further diminished the germinability.  These 
requirements make Sphagnum peat suitable substrate for 
retaining viable spores. 
 
 
 
Figure 44.  Sphagnum spores SEM. Photo from Whitaker & 
Edwards 2010, with permission from Diane Edwards. 
 
Aquatic 
In the tropics, aquatic bryophytes grow in periodically
inundat
tions of morphological traits (de Winton & 
Bee
only from its type collection from the 
dorian Andes in 1857 (Gradstein et al. 2004).  But 
Gradstein and coworkers found the species along two 
tributaries of the Rio Pastaza, Ecuador.  It is in fact 
abundant along the Rio Topo, where it lives on the 
periodically submerged Cuphea bombonasae (Figure 45) 
shrubs along with the rare Myriocoleopsis gymnocolea (see 
Figure 46).  In the Ecuadorian Andes, Colura irrorata 
occurs almost exclusively on the small, woody subshrub 
Cuphea bombonasae where it is very close to torrential 
water (Gradstein & Benitez 2014).  Three other rare 
rheophytic bryophytes [Lejeunea topoensis (see Figure 
47), Myriocoleopsis gymnocolea, and Sematophyllum 
steyermarkii (see Figure 48)] typically occur with it.  The 
species Colura irrorata is distinguished by a very high
num
 
 ed habitats such as river beds, marshes, and
waterfalls (Gradstein et al. 2018).  Permanently submerged 
bryophytes are rare, occurring primarily at high altitudes.  
Their modifica
ver 2004; Rankin et al. 2017), sometimes induced by 
changing water conditions, make identification difficult.   
Lowland tropical habitats are especially challenging 
for bryophytes.  Because the bryophytes are continuously 
hydrated, they continue respiration even when the 
temperatures are high.  This results in net carbon loss as 
respiration exceeds photosynthesis, especially in low light 
conditions.  
The red-listed liverwort Colura irrorata (Figure 45) 
as known w
Ecua
 
ber of clustered gynoecia as well as numerous 
antheridia per male bract  (Gradstein et al. 2004). 
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Figure 45.  Colura irrorata, showing numerous gynoecia, 
growing on stems of Cuphea bombonasae along the 
Numpatakaima river at 1,540 m asl.  Photo by Lou Jost, 
EcoMinga, with permission. 
 
 
Figure 46.  Myriocoleopsis minutissima; Myriocoleopsis 
gymnocolea is one of the rare rheophytic liverworts in the 
Ecuadorian Andes.  Photo by Hugues Tinguy, through Creative 
Commons. 
 
 
Figure 47.  Lejeunea cavifolia; Lejeunea topoensis is one of 
the rare rheophytic liverworts in the Ecuadorian Andes.  Photo by 
Hermann Schachner, through Creative Commons. 
 
Figure 48.  Sematophyllum sp. from the Neotropics; 
Sematophyllum steyermarkii is one of the rare rheophytic 
liverworts in the Ecuadorian Andes.  Photo by Michael Lüth, with 
permission. 
Rheophytes 
Our knowledge of bryophytic rheophytes (aquatic 
plant that lives in fast moving water currents) in the tropics 
is somewhat limited.  It is greater for Asia than for Africa 
or South America (Shevock et al. 2017).  In Malesia, 
studies of floristic works have elaborated the bryophytes of 
such habitats (Koponen & Norris 1983; Eddy 1988, 1990,
199
seemingly ever-present Lejeuneaceae even 
entures into rheophytic habitats.  Reiner-Drehwald (1999) 
ported Potamolejeunea polyantha [now considered to be 
a subgenus of Lejeunea (Gradstein & Reiner-Drehwald 
2007)] as a rheophyte from South America, noting that it 
was poorly known. 
At higher elevations, one can find Neckeropsis 
beccariana (see Figure 49), Thamnobryum ellipticum (see 
Figure 50), and Fissidens beccarii (see Figure 51) on 
boulders; Calymperes tahitense (see Figure 52) occurs on 
hardwood branches or exposed tree roots; and 
Sclerohypnum littorale on branches of rheophytic shrubs 
(Akiyama 1992a).  In a separate paper, Akiyama (1992b) 
described the morphology and ecology of these rheophytes.  
Along the river and streambanks, one can find carpets of 
bryophytes that are actually rheophytic, surviving high 
water levels and rapid flow (Ma et al. 2014).  Above this 
flooding zone, the same shrub species lack these rheophytic
bryo
 
6).  In Borneo Island, bryophytes are species rich above 
1,000 m asl.  In lower elevations, heavy deposits of 
sediments can be detrimental to rheophytic bryophytes. 
The 
v
re
 
phytes.  In many areas of the tropics, these bryophytes 
are submerged multiple times through the year, especially 
during monsoon season. 
 Chapter 8-11:  Tropics:  Wet and Dry Habitats 8-11-13 
 
Figure 49.  Neckeropsis lepineana; Neckeropsis beccariana 
occurs at higher elevations on boulders.  Photo by Li Zhang, with 
permission. 
 
Figure 50.  Thamnobryum neckeroides; Thamnobryum 
ellipticum occurs at higher elevations on boulders.  Photo by 
Blanka Aguero, with permission. 
 
Figure 51.  Fissidens marthae; Fissidens beccarii occurs at 
higher elevations on boulders.  Photo by Jan-Peter Frahm, with 
permission. 
 
Figure 52.  Calymperes sp. from Toro Negro, Puerto Rico.  
Calymperes tahitense occurs on hardwood branches or exposed 
tree roots.  Photo by Janice Glime. 
exploration.  For example, Shevock et al. (2011) named 
Yunnanobryon as a new genus of rheophytic moss from 
southwest China.  Yunnanobryon rhyacophilum (Figure 
53-Figure 54) occurs in fast-flowing rivers.  As is typical of 
mosses in fast-flowing water, it is pleurocarpous.  It is 
slender with stoloniform primary stems and intricately 
much-branched secondary stems that become flagellate-
attenuate at the tips. 
 
Despite the cosmopolitan nature of many rheophytes in 
the temperate zone, new tropical species are still awaiting 
 
Figure 53.  Yunnanobryon rhyacophilum with developing 
young leaves in a stream in Yunnan, China.  Photo by Jim 
Shevock, with permission. 
 
Figure 54.  Yunnanobryon rhyacophilum from a stream in 
Yunnan, China.  Photo by Li Zhang, with permission. 
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Neotropical bryophyte families with at least some 
species that can be found as rheophytes include the mosses 
Amblystegiaceae (Figure 78, Figure 81), Andreaeaceae 
(Figure 55), Brachytheciaceae (Figure 56), Fissidentaceae 
(Figure 51), Hydropogonaceae, Leucomiaceae (Figure 
57), Pilotrichaceae (Figure 58), Pottiaceae (Figure 86-
Figure 87), Seligeriaceae (Figure 76), Sematophyllaceae 
(Figure 48), Sphagnaceae (Figure 31-Figure 33, Figure 35-
Figure 36), and the liverworts Aneuraceae (Figure 73), 
Balantiopsidaceae (Figure 70), Cephaloziellaceae (Figure 
59), Fossombroniaceae (Figure 62-Figure 63), 
Jungermanniaceae (Figure 75), Lejeuneaceae (Figure 27-
Figu
 2001a, 2004, 2011; 
Gra
re 29),  Lophocoleaceae (Figure 60), and Pelliaceae 
(Figure 61) (see Mägdefrau 1973; Griffin et al. 1982; 
Bartlett & Vitt 1986; Gradstein & Váňa 1999; Reiner-
Drehwald 1999; Gradstein et al.
dstein & Reiner-Drehwald 2007; Hedenäs 2003; 
Crandall-Stotler & Gradstein 2017).  Permanent 
submergence is less common in the tropics compared to 
temperate and Arctic zones (Gradstein et al. 2018). 
 
 
Figure 55.  Andreaea nivalis (Andreaeaceae).  Some 
members of this family are among the Neotropical rheophytes.  
Photo by Michael Lüth, with permission. 
 
Figure 56.  Platyhypnidium riparioides (Brachytheciaceae).  
Some members of this family are among the Neotropica
rheo
  
l 
phytes.  Photo from Proyecto Musgo through Creative 
Commons. 
 
Figure 57.  Leucomium strumosum (Leucomiaceae).  Some 
members of this family are among the Neotropical rheophytes.  
hoto by Claudio Delgadillo Moya, with permission. P
 
 
Figure 58.  Cyclodictyon laetevirens (Pilotrichaceae).  Some 
members of this family are among the Neotropical rheophytes.  
Photo by Jan-Peter Frahm, with permission. 
 
 
Figure 59.  Cephaloziella dentata (Cephaloziellaceae).  
Some members of this family are among the Neotropical 
rheophytes. 
 
 Photo by Des Callaghan, with permission. 
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Figure 60.  Chiloscyphus polyanthos (Lophocoleaceae).   
Some members of this family are among the Neotropical 
rheophytes.  Photo by Bernd Haynold through Creative 
Commons. 
 
Figure 61.  Pellia endiviifolia (Pelliaceae).  Some members 
of this family are among the Neotropical rheophytes.  Photo by 
Janice Glime. 
Gradstein and Reiner-Drehwald (2007) described a 
new rheophytic liverwort, Lejeunea topoensis (Figure 16), 
from the Andes in Ecuador and southern Brazil.  Crandall
Stotler and Gradstein (2017) found a new riverine species
ii.  These species 
xperience major flooding events that appear to wipe out 
e entire population, but given a little time, these species 
return, regenerating from remaining shoot apices of plants 
that have otherwise been killed by the flooding.   
 
-
 
in Ecuador, Fossombronia jostii (Figure 62).  It seems to 
be restricted to limestone boulders, where one can also find 
F. texana (Figure 63) and F. wright
e
th
 
Figure 62.  Fossombronia jostii resprouting on limestone 
rocks in Ecuador after flooding.  Photo by Lou Jost, EcoMinga, 
with permission. 
 
Figure 63.  Fossombronia texana, one of the species on the 
limestone rocks in Ecuador.  Photo by Bob O'Kennon, through 
Creative Commons. 
Racomitrium lamprocarpum (=Bucklandiella 
lamprocarpa; Figure 64) is a rheophytic moss from the 
central and northern Andean countries (Bednarek-Ochyra 
2015).  Ochyra concluded that Racomitrium bartramii 
should be included within this species.  Racomitrium 
lamprocarpum is an austral cool-adapted species that has
spread deep into the tropics, where it finds suitable habita
 
t 
at high elevations in the Neotropics and in East and Central 
Africa. 
 
 
Figure 64.  Racomitrium lamprocarpum, Cape Horn, a 
rheophyte in both Africa and the Neotropics.  Photo by Juan 
Larrain, through Creative Commons. 
Ochyra et al. (1998) reported a new moss species from 
subtropical Tenerife as Gradsteinia torrenticola, 
considering it to be most closely related to the Andean 
Gradsteinia andicola from Colombia.  But instead it was 
later placed in Platyhypnidium (P. torrenticola; Figure 65
(Och
) 
yra & Bednarek-Ochyra 1999).  In the Neotropics, 
Platyhypnidium torrenticola is known only from a single 
waterfall. 
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Figure 65.  Platyhypnidium torrenticola, a species from
waterfa
e seeing so many new species in a 
rela
lum (Figure 68), both previously known only from 
eir type collections 150 years ago.  But rarity and new 
species are probably products of the isolation between 
mountaintops, with unsuitable habitat in between. 
 
 
 
, ll habitats in Colombian Andes.  Photo by BBS website
with permission from Barry Stewart. 
So why are w
tively restrictive habitat?  Gradstein et al. (2011) 
attributed the unusual morphology of river bank species to 
habitat specialization and isolation.  Such is the case for 
Cololejeunea stotleriana (Figure 66) from Ecuador.  This 
species is both rheophilous and epiphytic.  It was the first 
member of the subgenus Chlorolejeunea to be found in the 
Neotropics, with the other known member occurring in 
Asia.  Furthermore, it occurs with the rare mosses 
Fissidens hydropogon (Figure 67) and Lepidopilum 
aviuscuc
th
 
Figure 66.  Cololejeunea stotleriana on a fern frond.  Photo 
by F. Werne
 
Figure 67.  Herbarium specimen of Fissidens hydropogon, a
rare 
 
rheophilic moss from Ecuador.  Photo from Alchetron.com, 
through Creative Commons. 
 
Figure 68.  Herbarium specimen of Lepidopilum 
caviusculum, a rare rheophilic moss from Ecuador.  Photo 
Natural History Museum, London, through Creative Commons. 
Lakes 
Like the rheophytic habitat, Andean and other high-
altitude lakes are isolated from those on surrounding 
mountains by inhospitable habitat surrounding them.  Since 
aquatic bryophytes are transported mostly by fragments, 
this effectively isolates them. 
In high altitude lakes in the Neotropics, one can find 
the liverworts Clasmatocolea vermicularis (Figure 69), 
Gymnocoleopsis cylindriformis, Herbertus sendtneri 
(Figure 83), Isotachis obtusa (Figure 70), Jensenia 
spinosa (Figure 71), Lophonardia laxifolia, Marchantia
plic
 
ata (Figure 72), Riccardia cataractarum (see Figure 
73), Ricciocarpos natans (Figure 74), and Syzygiella r, courtesy of Robbert Gradstein. 
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sonderi (see Figure 75) (Gradstein et al. 2018; see also 
Cleef 1981; Gradstein et al. 2001b; Hedenäs 2003; 
Churchill 2018).  Mosses include Blindia gradsteinii (see 
Figure 76), Ditrichum submersum (see Figure 77), 
Drepanocladus spp. (Figure 78), Fontinalis bogotensis 
(see Figure 79), Gradsteinia andicola, Philonotis andina 
(see Figure 80), Pseudocalliergon spp. (Figure 81), 
Scorpidium  spp. (Figure 82), and Sphagnum spp. (Figure 
31-Figure 33).  Most of the mosses and all of the liverworts 
also can grow out of water in wet situations.  Only the 
mosses Blindia gradsteinii, Ditrichum submersum, 
Fontinalis bogotensis, and possibly some Sphagnum 
species are restricted to submergence.  Blindia gradsteinii 
is known from only one locality, a small pond at 4,090 m 
asl in the páramo de Sumapaz in Colombia (Churchill 
2016).  Gradsteinia andicola has been found only once, in 
a dried-up lake at 3,650 in the same páramo (Gradstein et 
al. 2018).  These two rare species suggest that they are 
restricted by temperature. 
 
 
 
Figure 69.  Clasmatocolea vermicularis, a leafy liverwort 
from high altitude lakes in the Neotropics.  Photo by John Engel, 
through Creative Commons. 
 
 
Figure 70.  Isotachis sp. from the Neotropics.  Isotachis 
obtusa occurs in high-altitude lakes in the Neotropics.  Photo by 
Michael Lüth, with permission. 
 
Figure 71.  Jensenia spinosa, a liverwort from high altitude 
lakes in the Neotropics.  Photo by Jan-Peter Frahm, with 
permission. 
 
 
 
 
 
 
 
Figure 72.  Marchantia plicata, a liverwort from high 
altitude lakes in the Neotropics.  Photo by Jan-Peter Frahm, with 
permission. 
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Figure 73.  Riccardia sp. from the Neotropics.  Riccardia 
cataractarum is a liverwort from high altitude lakes in the 
Neotropics.  Photo by Michael Lüth, with permission. 
 
 
Figure 74.  Ricciocarpos natans, a liverwort from high 
ltitude lakes in the Neotropics.  Photo by Jan-Peter Frahm, with 
ermission. 
a
p
 
 
Figure 75.  Syzygiella autumnalis; Syzygiella sonderi is a 
liverwort from high altitude lakes in the Neotropics.  Photo by 
Hermann Sch
 
Figure 76.  Blindia acuta; Blindia gradsteinii is a moss from 
high altitude lakes in the Neotropics.  Photo by Hermann
Scha
 
chner, through Creative Commons. 
 
 
Figure 77.  Ditrichum gracile; Ditrichum submersum is a 
moss from high altitude lakes in the Neotropics.  Photo by 
hrough Creative Commons. 
 
Hermann Schachner, t
 
Figure 78.  Drepanocladus aduncus; several species of 
Drepanocladus s.l. occur in high altitude lakes in the Neotropics.  
Photo by Hermann Schachner, through Creative Coachner, through Creative Commons. mmons. 
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Figure 79.  Fontinalis antipyretica; Fontinalis bogotensis is 
a moss from high altitude lakes in the Neotropics.  Photo by 
Malcolm Storey <DiscoverLife.com>, through online permission. 
 
Figure 80.  Philonotis sp. from the Neotropics; Philonotis 
andina is a moss from high altitude lakes in the Neotropics.  
Photo by Michael Lüth, with permission. 
 
Figure 81.  Pseudocalliergon trifarium; members of this 
genus occur in high altitude lakes in the Neotropics.  Photo by 
Blanka Aguero, with permission. 
 
Figure 82.  Scorpidium scorpioides; members of this genus 
occur in high altitude lakes in the Neotropics.  Photo by David T. 
Holyoak, with permission. 
In the Andes of Colombia, at 4,120 m asl, Gradstein et 
al. (2018) found a large population of Herbertus sendtneri 
(Figure 83) in a glacial lake.  The researchers speculated 
that a rock-inhabiting population had washed into the lake 
by vegetative branches or other fragments. 
 
 
 
Figure 83.  Herbertus sendtneri, a species found in a glacial 
lake of the Colombian Andes.  Photo by Michael Lüth, with 
permission. 
In seven páramo lakes above 3,800 m asl on Volcán 
Chiles, Ecuador, Terneus (2001) found that moss species 
(not including Sphagnum) were the most abundant and 
most frequent vegetation, exhibiting a 71.4% frequency 
among the lakes and a 70% frequency among the transects.  
They provided a mean cover of 26.7% and occupied 
maximum depths greater than 100 m.  They had a wide 
depth range (>100 m) compared to other vegetation types. 
In Lake Titicaca in the Andes on the border of Peru 
and Bolivia, Drepanocladus longifolius (Figure 84) is 
another deep-water moss (Richards 1984).  It is not as deep
as t
 the lake. 
 
he moss occurrences reported by Terneus (2001), but 
reaches depths to 29 m and dominates one of the 
submerged vegetation zones in
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Figure 84.  Drepanocladus longifolius, a deep-water moss in 
the Andes in Lake Titicaca.  Photo by Juan David Parra, MBG, 
through Creative Commons. 
Seepage Areas 
Volk (1979) reported Riccia cavernosa (Figure 85) (a 
itrophilous species), R. runssorensis, and R. volkii from 
eepage areas around dams in southwest Africa.  Similarly, 
Pettet (1967) reported several species of Riccia from 
seepage areas in the Sudan.  In addition, Pettet found 
Tortula bogosica (see Figure 86), Barbula unguiculata 
(Figure 87), Physcomitrium niloticum (Figure 88), 
Funaria (Figure 89), and Bryum (Figure 90) from such 
areas. 
 
 
 
 
 
 
 
 
 
  
n
s
 
Figure 85.  Riccia cavernosa, a species from seepage areas 
around dams in southwest Africa.  Photo by Des Callaghan, with 
permission. 
 
Figure 86.  Tortula hoppeana; Tortula bogosica occurs in 
seepage areas in southwest Africa.  Photo by Bryophyte CNPS, 
through Creative Commons. 
 
 
Figure 87.  Barbula unguiculata, a species of seepage areas 
ica.  Photo by Michael Lüth, with permission. 
 
in southwest Afr
 
Figure 88.  Physcomitrium collenchymatum from pond 
edge; Physcomitrium niloticum occurs in seepage areas of 
southwest Africa.  Photo by Fred Essig, with permission. 
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Figure 89.  Funaria hygrometrica with capsules, a species 
that occurs in seepage areas of southwest Africa.  Photo by Li 
Zhang, with permission. 
 
Figure 90.  Bryum pseudotriquetrum by stream; species of 
Bryum occur in seepage areas in southwest Africa.  Photo by 
Michael Lüth, with permission. 
Xeric Habitats 
ty.  
istribution of bryophytes there depends on climate, 
ltitude, other vegetation, and shelter (Bischler 2002).  
Israel is one of the drier sites on the Mediterranean, and the 
low liverwort species richness reflects this fact.  Within 
Israel, species richness of liverworts is lowest in the arid 
region and highest in the Mediterranean zone.  Those 
liverworts that are able to grow in the arid zone are also 
able to grow under less severe conditions and have a wide 
geographic distribution, whereas many of the 
Mediterranean species are absent in the arid zone, but 
otherwise widely distributed.  The flora of the country 
tends to be cosmopolitan and no endemics are known. 
To succeed in habitats that have long dry periods 
interrupted by short periods of moisture, bryophytes must 
be able to recover quickly from desiccation.  Di Nola et al. 
(1983) found that the Pottiaceae mosses Tortula
brev
ion.  
Furthermore, they suffer little high light intensity damage.  
The chlorophyll is ready to resume photosynthesis without 
additional chlorophyll synthesis first.  This is true for some 
temperate species as well, as seen in the Mediterranean 
moss Didymodon fallax (Figure 93), whereas 
Homalothecium aureum (Figure 94) has a slower recovery 
and is more sensitive to desiccation.  But the temperate 
Pohlia (subgenus Mniobryum; Figure 95) sp. was unable 
to survive prolonged desiccation, exhibiting a lack of 
drought tolerance. 
 
Subtropical Israel provides us with a glimpse of the 
importance of climate, particularly water availabili
D
a
 
issima (Figure 91) and Trichostomopsis aaronis (see 
Figure 92) are able to resume photosynthesis and 
respiration rapidly after prolonged desiccat
 
Figure 91.  Tortula brevissima with capsules, a species that 
is able to resume photosynthesis and respiration rapidly after 
prolonged desiccation.  Photo by Michael Lüth, with permission. 
 
Figure 92.  Trichostomopsis umbrosa; Trichostomopsis 
aaronis is a species that is able to resume photosynthesis and 
respiration rapidly after prolonged desiccation.  Photo by Jan-
Peter Frahm, with permission. 
 
Figure 93.  Didymodon fallax, a temperate species that is 
ready to resume photosynthesis without additional chlorophyll 
synthesis.  Ph o by Mich l Lüth, ith permissionot ae  w . 
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Figure 94.  Homalothecium aureum, a temperate species 
with a slower recovery from desiccation and greater sensitivity to 
desiccation.  Photo by Michael Lüth, with permission. 
 
 
Figure 95.  Pohlia melanodon; temperate species in this 
subgenus (Mniobryum) are unable to survive desiccation.  Photo 
by Jan-Peter Frahm, with permission. 
Frey (1986) noted the large percentage of endemic
spec
 
ommunity of Mannia capensis 
(Figure 96) that was accompanied by Exormotheca 
pustulosa (Figure 97), Gongylanthus ericetorum (Figure 
98), Plagiochasma rupestre (Figure 99), Riccia congoana 
(Figure 100), Riccia crinita (Figure 101), and Targionia 
hypophylla (Figure 102), all liverworts.  They identified 
several other associations in the dry lands.  Plagiochasma 
microcephalum (see Figure 99) was accompanied by 
Asterella cf. linearis (see Figure 103), Exormotheca 
pustulosa, and Riccia albolimbata (Figure 104-Figure 
105).  Riccia lanceolata is widespread in tropical Africa, 
where it reaches a high diversity.  This genus is particularly 
adapted to the seasonal rain, going dormant, then springing 
to growth when the rain arises.  Other important Riccia 
species include Riccia microciliata (Figure 106)
acco
108), accompanied by Exormotheca pustulosa, Riccia 
crinita, Targionia hypophylla. 
 
 
 
ies in the arid parts of southwest Asia.  Notable genera 
with endemic species include Tortula (Figure 86, Figure 
91), Crossidium (Figure 122), and Targionia (Figure 102). 
Pócs et al. (2007) reported on dry-land communities in
Kenya.  They described a c
, 
mpanied by Riccia congoana, Riccia crinita, and 
Riccia okahandjana (Figure 107).  Widespread species 
include Riccia congoana and Riccia atropurpurea (Figure 
 
Figure 96.  Mannia capensis, a species forming a dry-land 
ommunity in Kenya.  Photo by Tony Benn, through Creative 
Commons. 
 
c
 
Figure 97.  Exormotheca pustulosa, a species in the Mannia 
capensis dry-land community in Kenya.  Photo by Michael Lüth, 
with permission. 
 
 
Figure 98.  Gongylanthus ericetorum, a species in the 
Mannia capensis dry-land community in Kenya.  Photo by Jan-
Peter Frahm, with permission. 
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Figure 99.  Plagiochasma rupestre, a species in the Mannia 
capensis dry-land community in Kenya.  Photo by Alan 
Rockefeller, through Creative Commons. 
 
 
Figure 100.  Riccia congoana, a species in the Mannia 
capensis dry-land community in Kenya.  Photo by Catherine 
Reeb, through Creative Commons. 
 
 
Figure 101.  Riccia crinita, a species in the Mannia capensis 
dry-land community in Kenya.  Photo by Štĕpán Koval, with 
permission. 
 
Figure 102.  Targionia hypophylla, a species of vertical 
volcanic cliffs in Kenya.  Photo by Catherine Reeb, through 
Creative Commons. 
 
 
Figure 103.  Asterella africana; Asterella cf. linearis is  a 
ecies in the Mannia capensis dry-land community in Kenya.  
hoto by Jonathan Sleath, with permission. 
 
sp
P
 
Figure 104.  Riccia albolimbata dry, a species in the
Plag
ith permission. 
 
iochasma microcephalum dry-land community in Kenya.  
Photo by Dale A. Zimmerman Herbarium, Western New Mexico 
University, w
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Figure 105.  Riccia albolimbata wet; the ability to rehydrate 
nd resume growth permits this species to live in dry-land areas 
with seasonal rainfall in Kenya.  Photo from Dale A. Zimmerman 
Herbarium, Western New Mexico University, with permission. 
 
a
 
Figure 106.  Riccia microciliata, a species in the 
Plagiochasma microcephalum dry-land community in Kenya.  
hoto by Catherine Reeb, through Creative Commons. 
 
P
 
Figure 107.  Riccia okahandjana, an important Riccia 
species in the dry-land communities in Kenya.  Photo by A. A. 
Dreyer, permission pending. 
 
Figure 108.  Riccia atropurpurea on sandstone. a 
widespread species in southwest Asia.  Photo by Catherine Reeb, 
through Creative Commons. 
Savannahs 
Oyesiku and Egunyomi (2001, 2002) have explored 
avannah bryophytes in southwestern Nigeria.  They 
likewise found that mosses were far more common than 
liverworts in the dry savannah.  The intense dryness is 
unfavorable to liverworts.  Tree bark, however, provides 
some protection, permitting corticolous bryophytes to live 
in areas with bush burning.  On the trees in relatively 
closed stands, bryophytes, particularly mat-forming 
species,  are able to spread from the base to locations under 
3 m height.  Some of these bryophytes [Hyophila (Figure 
109), Erythrodontium (Figure 110), Riccia (Figure 85)] are 
specialists at specific heights.  Generalists with no height 
preference include the mosses Fissidens (Figure 51, Figure 
67), Calymperes (Figure 11, Figure 30), Thuidium (Figure 
111), and the leafy liverwort Lejeunea (Figure 47).  
Among these epiphytes, 60% of the mat species are
dom
In their study of savannah bryophytes in southwest 
Nigeria, Makinde and Odu (1994) found little bryophyte 
diversity.  Liverworts were rare.   
s
 
inant on host trees; the co-dominant tuft species 
comprise 34%. 
 
 
 
Figure 109.  Hyophila involuta; members of this genus are 
specialists at specific heights in the savannahs.  Photo by Michael 
Lüth, with permission. 
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Figure 110.  Erythrodontium squarrosum from the 
Neotropics; members of this genus are specialists at specific 
heights in the savannahs.  Photo by Michael Lüth, with 
permission. 
 
Figure 111.  Thuidium peruvianum from the Neotropics; 
members of this genus are specialists at specific heights above 
ground in the savannahs.  Photo by Michael Lüth, with 
permission. 
Silva Bonfim et al. (2018) collected bryophytes from a 
Cerrado fragment in Caxias, Maranhão, Brazil.  This area is 
mostly savannah.  They identified 175 bryophyte samples 
in 12 families (10 mosses, 2 liverworts), 17 genera (15 
osses, 2 liverworts), and 23 species (21 mosses, 2 
verworts.  The Sematophyllaceae was best represented 
(Trichosteleum subdemissum, Sematophyllum subsimplex 
(Figure 113), Sematophyllum subpinnatum (Figure 114), 
and Taxithelium planum (Figure 115).  Dicranaceae, 
Fissidentaceae (Figure 51, Figure 67), and Pottiaceae 
(Figure 86-Figure 87, Figure 91-Figure 93) followed with 
three species each.  
 
m
li
 
Figure 112.  Cerrado savannah in Brazil.  Photo by Conrado, 
through Creative Commons. 
 
Figure 113.  Sematophyllum subsimplex, a savannah species 
in Corrado, Brazil.  Photo by Yelitza Leon, through Creative 
Commons. 
 
Figure 114.  Sematophyllum subpinnatum, a savannah moss 
in the Cerrado, Brazil.  Photo by Michael Luth, with permission. 
 
Figure 115.  Taxithelium planum, a savannah moss in the 
Cerrado, Brazil.  Photo by Scott Zona, with permission. 
Succession 
In their study of epiphytes in an Amazonian savannah 
in Brazil, Gottsberger and Morawetz (1993) noted that 
lichens and bryophytes have a successional relationship 
with their host trees.  Young trees have lichen dominants.  
These lichens usually are diminished in older trees and
bryo
 
phytes assume abundance, apparently supressing the 
lichens. 
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Life Cycle Strategies 
Makinde and Odu (1994) followed the reproductive 
cycles of four species [Archidium ohioense (Figure 116), 
Bryum coronatum (Figure 117), Fissidens minutifolius 
(see Figure 51, Figure 67), Trachycarpidium tisserantii] 
that reproduce predominately sexually.  They found that the 
protonemata and gametophytes are produced in the field in 
March-April.  Capsule dehiscence and spore dispersal 
occurs in September-October.  The development of 
gametangia through the completion of dispersal all occur 
within the rainy season.  Cleistocarpous capsules 
(capsules with no operculum and that open irregularly) of 
A. ohioense and T. tisserantii do not disperse their spores 
easily.  All species experience only a short period between
the 
 
formation of sex organs and the dehiscence of the 
capsule. 
 
 
Figure 116.  Archidium ohioense, a species with
cleistocarpous 
 
 capsules and a short period between fertilization
and ripe capsules.  Photo by Li Zhang, with permission. 
 
Figure 117.  Bryum coronatum; in the Nigerian savannah, 
development through the completion of dispersal 
all o ainy season in this species.  Photo by Jan-
Peter 
e, and only 4 species had as much as 50% 
germ eek or more was detrimental 
to a
of gametangia 
ccur within the r
Frahm, with permission. 
When long periods of drought are a regular part of the 
environment, reproduction can be challenging.  Spore 
longevity would help to solve this problem.  However, 
when Egunyomi (1979) tested spore viability of 20 tropical 
moss species, only 7 germinated after more than two years 
of storag
ination.  Freezing for 1 w
ll 20 species.  Microcampylopus nanus (see Figure 
118) had the highest spore longevity and germination after 
desiccation.  Other species that survived desiccation for at 
least two years were Weissia papillosa (see Figure 119), 
Mittenothamnium overlaetii (Figure 120), and Weisiopsis 
nigeriana.  What is interesting is that these four species are 
from a locality that is persistently wet. 
 
 
Figure 118.  Microcampylopus laevigatus; 
Microcampylopus nanus has high spore longevity and 
germination after desiccation.  Photo by Jan-Peter Frahm, with 
permission. 
 
Figure 119.  Weissia multicapsularis; Weissia papillosa 
survives desiccation for at least two years.  Photo by David T. 
Holyoak, with permission. 
 
Figure 120.  Mittenothamnium reptans; Mittenothamnium 
overlaetii can survive desiccation for at least two years.  Photo by 
Michael Lüth, with permission. 
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Although we cannot rule out spore longevity, we need 
to find other means to explain reproductive success in these 
dry-habitat mosses.  During and coworkers (During 1998, 
2007; During & Moyo 1999) examined the diaspore bank 
in a savannah in Zimbabwe.  They determined at least 2 
hornworts, 10 liverworts, and 22 mosses that emerge from 
these soil samples.  Some of these were in large numbers.  
Some of these species, such as Micromitrium tenerum 
gure 121), were rare or previously unknown in Africa or 
Zimbabwe.  An added advantage for these diaspores is that 
they are able to survive above-ground burning. 
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Figure 121.  Micromitrium tenerum, a species that can 
survive desiccation for at least two years.  Photo by Jan-Peter 
Frahm, with permission. 
Tropical Deserts 
Deserts are not very friendly to bryophytes, and this 
habitat is likewise unfriendly for bryologists.  Tropica
dese
itats are rare.  Nevertheless, the 
guileless bryophytes and their adventurous observers can 
occur in these inhospitable places. 
O'Shea (1997) reported over 3000 taxa of mosses in 
sub-Saharan Africa.  Of these, 77% were considered 
endemic at the time.  Because of the small number of 
bryologists exploring the vast area of Africa, it may still be 
a long time before we understand the African flora well 
enough to know how many of these are truly endemic. 
The moss Crossidium laevipilum (Figure 122) occurs 
in semidesert conditions in Kenya, where it is associated 
with many xeric species (Pócs et al. 2007).  Didymodon 
revolutus (Figure 123) occurs on vertical volcanic cliffs.  
This species has both axillary and rhizoidal gemmae, 
contrasting with American plants that are only known to
hav
nd Ecuador. 
l 
rts are often among the worst of these due to their even 
higher temperatures.  Hence, systematic studies of 
bryophytes in these hab
 
e axillary gemmae.  This species is known as a 
xerophyte in the desert and semidesert of southern United 
States, Mexico, Guatemala, a
 
Figure 122.  Crossidium laevipilum, a species of semi-desert 
conditions in Kenya.  Photo by Michael Lüth, with permission. 
 
 
Figure 123.  Didymodon revolutus dry, a species of vertical 
volc
ints, if present, extended 
abo
anic cliffs in Kenya.  Photo from Dale A. Zimmerman 
Herbarium, Western New Mexico University, with permission 
from Russ Kleinman & Karen Blisard. 
 At the edge of the Tunisian Sahara, Pócs (2007) found 
the community of Crossidium laevipilum (Figure 122)-
Tortula atrovirens (Figure 124) to be dominant.  Only the 
tips of the plants and apical hair po
ve the sand.  The hair points can protect against UV 
light and collect moisture.  Most of the bryophytes, like 
these two, are in the Pottiaceae.  The rock cliffs can 
support a community dominated by Grimmia capillata 
(Figure 125)-Tortula revolvens (Figure 126).  The 
association of Eucladium verticillatum (Figure 127-Figure 
128) and Didymodon tophaceus (Figure 129) occurs only 
near waterfalls of the Tamerza oasis.  North-facing cliff 
bases provide enough shelter to support Bryum funckii 
(Figure 130)-Didymodon australasiae (Figure 131) 
associations.  On the exposed limestone gravel scree and 
loess cliffs one can find the pioneer community of 
Crossidium squamiferum (Figure 132) and Aloina bifrons 
(Figure 133).  The northern part is less extreme in climatic 
conditions and one can find the Didymodon australasiae-
Tortula revolvens community. 
8-11-28 Chapter 8-11:  Tropics:  Wet and Dry Habitats 
 
Figure 124.  Tortula atrovirens, part of the dominant 
Crossidium laevipilum-Tortula atrovirens community at the edge 
f the Tunisian Sahara.  Photo by John Game, through Creative 
Commons. 
 
o
 
Figure 125.  Grimmia capillata with capsules, dry – part of 
the Grimmia capillata-Tortula revolvens association on rock 
cliffs at the edge of the Tunisian Sahara.  Photo by Hank Greven, 
with permission. 
 
 
Figure 126.  Tortula revolvens – part of the Grimmia 
capillata-Tortula revolvens association on rock cliffs at the edge 
of the Tunisian Sahara.  Photo from Proyecto Musgo, through 
Creative Commons. 
 
Figure 127.  Eucladium verticillatum, part of the waterfal
asso
l 
ciation of Eucladium verticillatum and Didymodon 
tophaceus at the edge of the Tunisian Sahara.  Photo by Michael 
Lüth, with permission. 
 
 
Figure 128.  Eucladium verticillatum, showing individual 
plants.  Photo by Hermann Schachner, through Creative 
Commons. 
 
 
Figure 129.  Didymodon tophaceus with capsules, part of the 
waterfall association of Eucladium verticillatum and Didymodon 
tophaceus at the edge of the Tunisian Sahara.  Photo by David T. 
Holyoak, with permission 
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Figure 130.  Bryum funckii, a species of the Bryum funckii-
Didymodon australasiae association on north-facing cliff base
that 
 
s 
provide enough shelter for them to survive at the edge of the 
Tunisian Sahara. Photo by Michael Lüth, with permission. 
 
Figure 131.  Didymodon australasiae, a species of the 
Bryum funckii-Didymodon australasiae association on north-
facing cliff bases that provide enough shelter for their survival a
the e
u
leinman & Karen Blisard. 
t 
dge of the Tunisian Sahara.  Photo from Dale A. Zimmerman 
Herbari m, Western New Mexico University, with permission 
from Russ K
 
Figure 132.  Crossidium squamiferum, a member of the
Crossidium squamiferum and Aloina bifrons association – a
pion
 Kleinman & Karen Blisard. 
 
 
eer community on the exposed limestone gravel scree and 
loess cliffs at the edge of the Tunisian Sahara.  Photo from Dale 
A. Zimmerman Herbarium, Western New Mexico University, 
with permission from Russ
 
Figure 133.  Aloina bifrons with capsules, a member of the 
Crossidium squamiferum and Aloina bifrons association – a 
pioneer community on the exposed limestone gravel scree and 
loess cliffs at the edge of the Tunisian Sahara.  Photo by Ben 
Carter, through Creative Commons. 
 
 
Figure 134.  Aloina bifrons, showing the thickened leaves 
that are able to maintain water and hair points that collect water.  
Photo by Martin Hutten, with permission. 
The thallose liverworts in such dry areas are "tiny" and 
become practically invisible during the dry season, 
reappearing when the rains arrive.  This ability is 
particularly common in the Ricciaceae (Pócs et al. 2007).  
The Riccia species (Figure 100-Figure 101, Figure 104-
Figure 106) in these dry habitats exhibit 20% endemism 
while another 20% are widespread, often cosmopolitan 
xerophytes.  Most of the mosses are in the Pottiaceae 
(Figure 122-Figure 123).  These xerophytic mosses have 
crispate, often contorted leaves with inrolled or recurved 
margins (Kürschner 2004). 
Kürschner (2000) described the bryophyte flora of the 
Arabian Peninsula (Figure 135) and Socotra (Figure 136), 
much of which is desert.  Prior to 1980, no bryophytes were 
known from the entire peninsula.  The bryological flora is 
characteristic for the monsoon-influenced peninsula
includi
ght. 
, 
 ng 1 hornwort, 50 liverworts, and 173 mosses, with
many Palaeotropical and Afro-montane taxa.  On the other 
hand, the arid and semi-arid regions, with winter rainfall, 
are dominated by species that are drought adapted and 
drought tolerant.  These include many Pottiaceae and 
thalloid liverworts that go dormant during the drou
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Figure 135.  Arabian Peninsula desert and oasis in Oman.  
Photo by Hendrik Dacquin aka loufi, through Creative Commons. 
 
 
 
Figure 136.  Desert community of Dixam canyon, Socotra.  
Photo by Gerry and Bonni, through Creative Commons. 
 
 
Later, Kürschner (2003) conducted a phytosociological 
analysis of the Riccietum jovet-astii-argenteolimbatae 
association as a new association found in the Jabal Arays 
area of Yemen.  This association consists predominantly of 
Riccia jovet-astiae and Riccia cf. albolimbata (Figure 104-
Figure 105).  Kürschner identified this association as being 
grouped within the alliance of Mannia androgyna (Figure 
137) with Barbula unguiculata (Figure 87).  The new 
association typically occurs on shallow soils that overly 
volcanic rock outcrops, where it occurs in the understory of 
Sterculia africana arabica (Figure 138) woodland in 
monsoon-affected areas.  The life strategy here is that of a 
shuttle species with large spores.  Thus dispersal is short 
range.  Spores in a diaspore bank help to maintain the 
presence of these liverworts.  Of minor importance is their 
colonist strategy and they live on the soil where they can go 
dormant until monsoon season. 
 
Figure 137.  Mannia androgyna, a member of the Mannia 
androgyna-Barbula unguiculata alliance; the Riccietum jovet
astii-argenteol batae hoto 
 
 
-
 im association is in this alliance.  P from
Dale A. Zimmerman Herbarium, Western New Mexico 
University, with permission from Russ Kleinman & Karen 
Blisard. 
 
 
Figure 138.  Sterculia africana, a species that occurs on 
shallow soils that overly volcanic rock outcrops in monsoon-
affected areas of Yemen.  Photo by Peter B. Phillipson, through 
Creative Commons. 
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Summary 
Neotropical floodplains include the igapó and 
várzea habitats, seasonally inundated, and supporting 
different bryophyte communities.  Sexual reproduction 
predominates among the bryophytes.  The leafy 
liverwort family Lejeuneaceae predominates in species 
richness, while the family Calymperaceae has the most 
moss species.   
Mangrove forests are limited in bryophyte species 
because of saltwater.  Nevertheless, Calymperaceae 
are among the few moss species present, with 
Lejeuneaceae being the most species-rich among the 
liverworts.  Bryophytes in these floodplains are passive 
accumulators of nutrients and help to retain them within 
the floodplain. 
Tropical peatlands are effectively restricted to 
higher altitudes and include some of the well-known 
high latitude species such as Sphagnum magellanicum 
and S. recurvum.  Sphagnum platyphyllum is common 
in peatlands rich in ir n.  Two mire types are dom nated o i
by tracheophytes, with the moss Campylopus 
reflexisetus occurring on the cushions.  Two are 
dominated by bryophytes, differing in vegetation with 
differences in conductivity and nutrients.  Genetic 
variation within species may be highly variable, as seen 
in Sphagnum tumidulum from Reunion Island.  At 
least some Sphagnum spores have greater longevity in 
the absence of oxygen, permitting them to survive in 
the peat. 
Few tropical bryophytes live permanently 
submerged except at high elevations.  In low elevations, 
high temperatures, low CO2 levels, and low light intensities result in negative carbon gain.  But in the 
Andes, several rare species are associated with 
torrential waters.   
In rheophytic habitats, one can find leafy 
liverworts in the Lejeuneaceae, with a number of moss 
species on rheophytic shrubs, roots, and rocks where 
they are seasonally submerged.  The absence of tropical 
studies on rheophytes leaves species awaiting 
discovery.  Nevertheless, a number of families with 
rheophytic representatives are known.  
Glacial lakes may have such species as Herbertus 
sendtneri.  These lakes and other high-altitude tropical 
lakes are isolated by the hot valleys that are unsuitable 
as vegetative dispersal avenues for bryophytes. 
Seepage areas often have species of Riccia and 
mosses that are typical of disturbed areas such as 
Barbula unguiculata, Funaria, and Bryum. 
The tropics create a number of xeric habitats.  
These have low liverwort diversity but are able to 
support desiccation-tolerant mosses, particularly 
members of the Pottiaceae.  These mosses are able to 
resume photosynthesis quickly upon rewetting.  Among 
the liverworts, Riccia species can become dormant for 
prolonged periods of time, then expand and resume 
growth.  Among these xeric habitats are savannahs, 
where liverworts are rare and little diversity is common.  
Nevertheless, the liverworts Riccia and Lejeuneaceae 
can occur as epiphytes.  The meager evidence on life 
cycle strategies suggests that the sexual cycle takes 
advantage of the short wet periods, with spore dispersal 
likewise occurring in wet periods.  Some mosses have 
cleistocarpous capsules.  Spores in 20 tested species 
exhibit limited longevity.  However, spores seem to 
survive better in diaspore banks.  Deserts, as might be 
expected, have their highest bryophyte diversity in the 
Pottiaceae and Ricciaceae.  Canyon and shaded cliffs  
have a higher diversity.  
 
 
A
 
c  
h  
I  
o  
fo .  
A t 
th
 
L
 A  
A  
 
B . and Vitt, D. H.  1986.  A survey of the species in the 
g p c  N : 
B  
. 
B  D. H., and Wieder, R. K.  2013.  The 
in n t m  
 
. 
B  
B .  
: 
C
 
 
C   
 
 
t 
C . 
 
 
C .  
 
C
.  
cknowledgments 
Thank you to Tatiany Oliveira da Silva for her 
ontributions of papers, images, and comments.  Her
elpful discussions kept me going on this part of the world
know a so little bout and clarified some of the terminology
f the inundated forests.  Thank you to Claudine Ah-Peng
r helping me obtain an image of Sphagnum tumidulum
nd my appreciation to all the photographers who have pu
eir images in Creative Commons. 
iterature Cited 
kiyama, H.  1992a.  Rheophytes of bryophytes in wet tropics of
Southeastern Asia.  Nat. Environ. Sci. Res. 5: 43-55. 
kiyama, H.  1992b.  Morphological and ecological aspects of
moss rheophytes.  Plant Morph. 4: 23-28. [in Japanese]
https://doi.org/10.5685/plmorphol.4.23  
artlett, J. K
enus Blindia (Bryo sida, Seligeria eae). . Z. J. Bot. 24
203-246. 
ednarek-Ochyra, H.  2015.  Bucklandiella lamprocarpa (Musci,
Grimmiaceae) in the central and northern Andes.  Cryptog
Bryol. 36: 81-90. 
enavides, J. C., Vitt,
fluence of climate change on rece t pea  accu ulation
patterns of Distichia muscoides cushion bogs in the
high‐elevation tropical Andes of Colombia.  J. Geophys. Res
Biogeosci. 118: 1627-1635. 
ischler, H.  2002.  Species-environment relationships and
diversity of liverworts in Israel.  Israel J. Plant Sci. 
50(suppl.): 15-23. 
osnian, A. F., Molen, P. C. van der, Young, R., and Cleef, A. M
1993.  Ecology of a paramo cushion mire.  J. Veg. Sci. 4
633-640. 
erqueira, G. R., Ilkiu-Borges, A. L., and Ferreira, L. V.  2016.  
Se tasonality of reproduction of epiphy ic bryophytes in
flooded forests from the Caxiuanã National Forest, Eastern
Amazon.  An. Acad. Brasil. Ciên. 88: 903-910. 
erque A  ira, G. R., Ilkiu-Borges, . L., and Ferreira, L. V.  2017.
Species richness and composition of epiphytic bryophytes in
flooded forests of Caxiuanã National Forest, Eastern
Amazon, Brazil.  An. Acad. Brasil. Ciên. 89.  available a
<http://www.scielo.br/scielo.php?pid=S0001-
37652017005023105&script=sci_arttext>. 
hurchill, S. P.  2016.  Bryophyta.  In:  Bernal, R., Gradstein, S
R., and Celis, M.  (eds.).  Catálogo de plantas y líquenes de
Colombia.  Universidad Nacional de Colombia, Bogotá, pp.
353-442.  
hurchill, S. P.  2018.  Herbertus sendtneri
<http://www.tropicos.org/Name/35208495?tab=specimens>.
leef, A. M.  1981. The vegetation of the paramos of the 
Colombian Cordillera Oriental.  In:  Hammen, T. van der
8-11-32 Chapter 8-11:  Tropics:  Wet and Dry Habitats 
(ed.).  The Quaternary of Colombia, Vol. 9.  Elsevier
Amsterdam. 
olwell, R. K., Brehm, G., Cardelús, C. L., Gilman, A. C., and
Longino, J. T.  2008.  Global warming, elevational range 
shifts, and lowland biotic attrition in the wet tropics
Science 322: 258-261. 
randall-Stotler, B. J. and Gr
sp  of the 
, 
C  
.  
C adstein, S. R.  2017.  A new riverine 
genus Fossombronia (Pelliales, 
Fossombroniaceae) from Ecuador.  Bryo. Divers. Evol. 39: 
94-101. 
 vegetation and its life forms, 
untainous regions of the tropical 
.  Proceedings of the UNESCO 
uring, H. J.  2007.  Episodic bryophytes in the diaspore bank of 
Lindbergia 32:  55-61.Edwards, S. 
revision of West Tropical African 
yol. 11: 49-93. 
t. Beih. 
Eddy
n, London. 
n.  
Egun
Feng
 of the wealth 
munity between 
Fran nd Lugo, A. E.  1992.  Biomass and nutrient 
ula  in  y r ph
 
Fritz
 P., Pol, A., Iturraspe, R., Roelofs, J. G. M., and 
Gate gnum bog in the tropics.  J. Ecol. 3: 
Gott G .
  Flora 188: 145-151. 
Grad
olejeunea E. Reiner (Lejeuneaceae), with 
Grad
haloziellaceae). 
Grad
. N. Y. 
Grad
nteverde, Costa Rica.  
Grad
Myriocolea irrorata 
t. Lab. 93: 235-248. 
 
:  The case of Cololejeunea stotleriana 
Grad
e of the liverwort Herbertus sendtneri 
Grif irre, J.  1982.  On a new 
Klei
ersity in South Patagonian ombrotrophic peat 
Kop
Kürs  of the Arabian Peninsula 
Kürs
Kürs
ecies
Cuatrecasas, J.  1968.  Páramo
in geo‐ecology of the mo
Americas.  Troll, C.  (ed.)
Mexico Symposium.  Dümmlers Verlag, Bonn, Germany, 
pp. 163-186. 
Di Nola, L., Mayer, A. M., and Heyn, C. C.  1983.  Respiration, 
photosynthesis and drought tolerance in mosses from various 
habitats in Israel.  Israel J. Bot. 32: 189-202. 
During, H. J.  1998.  De diasporenvoorraad in de bodem van een 
savanne in Zimbabwe.  [The diaspore bank in the bottom of a 
savannah in Zimbabwe.].  Bauxbaumiella 45: 12-13. 
D
a Zimbabwean savanna.  
R.  1980.  A 
Calymperaceae I.  J. Br
During, H. J. and Moyo, C.  1999.  The diaspore bank of 
bryophytes in a Zimbabwean savanna.  Haussknech
(Ricleft Grolle-Festschrift) 9: 111-114. 
, A.  1977.  Sphagnales of Tropical Asia.  Bull. Brit. Mus. 
Nat. Hist. Bot. 5: 359-445.  
Eddy, A.  1988.  A Handbook in Malesian Mosses.  Vol. I, 
Sphagnales to Dicranales.  Natural History Museum 
Publicatio
Eddy, A.  1990.  A Handbook of Malesian Mosses.  Vol. 2, 
Leucobryaceae to Buxbaumiaceae.  Natural History Museum 
Publication, Londo
Eddy, A.  1996.  A Handbook of Malesian Mosses.  Vol. 3, 
Splachnobryaceae to Leptostomataceae.  Natural History 
Museum Publication, London.  
yomi, A.  1979.  The viability of spores of some tropical 
moss species after longtime storage and their survival 
chances in nature.  J. Hattori Bot. Lab. 45: 167-171.  
, L., Sundberg, S., Ooi, M. K. J., Wu, Y.-H., Wang, M., and 
Bu, Z.-J.  2018.  Oxygen-deficiency and allelochemicals 
affect Sphagnum spore persistence in peatlands.  Plant Soil.  
 432: 403-413. 
eira, L. V.Ferr , Almeida, S. S., Amaral, D. D., and Parolin, P.  
2005.  Riqueza e Composição de Espécies da Floresta de 
Igapó e Várzea da Estação Científica Ferreira Penna:  
Subsídios para o Plano de Manejo da Floresta Nacional de 
Caxiuanã.  Botânica 56: 103-116. 
Ferreira, L. V., Chaves, P. P., Cunha, D. A., Matos, D. C. L., and 
Parolin, P.  2013.  Variação da Riqueza e Composição de 
Espécies da Comunidade de Plantas entre as florestas de 
Igapós e Várzeas na Estação Científica Ferreira Penna-
Caxiuanã na Amazônia Oriental.  [Variation
and composition of species of the plant com
the forests of igapós and várzeas at the Ferreira Penna-
Caxiuanã Scientific Station in the Eastern Amazon.].  
Botânica 64: 175-195. 
gi, J. L. a
accum tion  ten ea old bryo yte communities inside a 
flood plain in the Luquillo Experimental Forest, Puerto Rico. 
Biotropica 24: 106-112. 
, C., Pancotto, V. A., Elzenga, J. T. M., Visser, E. J. W., 
Grootjans, A.
Smolders, A. J. P.  2011.  Zero methane emission bogs:  
Extreme rhizosphere oxygenation by cushion plants in 
Patagonia.  New Phytol. 190: 398-408. 
s, F. C.  1915.  A Spha
24-30. 
sberger, . and Morawetz, W   1993.  Development and 
distribution of the epiphytic flora in an Amazonian savanna 
in Brazil.
Gradstein, S. R. and Benitez, A.  2014.  A second locality for the 
critically endangered Colura irrorata (Lejeuneaceae) in the 
Ecuadorian Andes.  J. Bryol. 36: 151-155. 
stein, S. R. and Reiner-Drehwald, M. E.  2007.  On the status 
of Neopotam
description of a new species.  Syst. Bot. 32: 487-492. 
stein, S. R. and Váňa, J.  1999.  On the taxonomy of 
Kymatocalyx and Stenorrhipis (Cep
Haussknechtia Beih. 9: 155-170. 
stein, S. R., Churchill, S. P., and Salazar Allen, N.  2001a.  
Guide to the Bryophytes of Tropical America.  Mem
Bot. Gard. 86: 1-577.  
stein, S. R., Griffin, D. III, Morales, M. I., and Nadkarni, N. 
M.  2001b.  Diversity and habitat differentiation of mosses 
and liverworts in the cloud forest of Mo
Caldasia 23: 203-212. 
stein, S. R., Reiner-Drehwald, M. E., and Jost, L.  2004.  The 
systematic position and distribution of 
(Lejeuneaceae, Hepaticae), an endangered liverwort from the 
Ecuadorian Andes.  J. Hattori Bo
Gradstein, S. R., Ilkiu-Borges, A.-L., and Vanderpoorten, A.  
2011.  Habitat specialization triggers the evolution of 
unusual morphologies
sp. nov. from Ecuador.  Bryologist 114: 9-22. 
stein, R., Vanderpoorten, A., Reenen, G. van, and Cleef, A.  
2018.  Mass occurrenc
in a glacial lake in the Andes of Colombia.  Rev. Acad. 
Colomb. Cien. Exact. Físicas Nat. 42: 221-229. 
fin, D., Gradstein, S. R., Agu
antipodal element in the Neotropical paramos: 
Dendrocryphaea latifolia sp. nov.  Acta Bot. Neerl. 3l: 175-
184. 
Hedenäs, L.  2003.  Amblystegiaceae.   Flora Neotrop. Monogr. 
89: 1-107. 
nebecker, T., Hölzel, N., and Vogel, A.  2010.  Patterns and 
gradients of div
bogs.  Austal. Ecol. 35(1): 1-12. 
onen, T. and Norris, D. H.  1983.  Bryophyte flora of the 
Huon Peninsula, Papua New Guinea.  I.  Study area and its 
bryological exploration.  Ann. Bot. Fennici 20: 15-29. 
chner, H.  2000.  Bryophyte flora
and Socotra.  Bryophytorum Bibliotheca 55: 131 pp, 17 figs, 
224 maps.  Rev. in Nova Hedw. 71: 267. 
chner, H.  2003.  The Riccietum jovet-astii-argenteolimbatae 
ass. nov. of the Jabal Arays area, Yemen-life strategies of a 
remarkable xerotropical African bryophyte community.  
Nova Hedw. 76: 399-413. 
chner, H.  2004.  Life strategies and adaptations in 
bryophytes from the Near and Middle East.  Turk. J. Bot. 28: 
73-84. 
Liu, Y., Ah-Peng, C., Wilding, N., Bardat, J., Devos, N., Carter, 
B., and Shaw, A. J.  2014.  Population structure in the 
tropical peatmoss, Sphagnum tumidulum Besch. 
(Sphagnaceae).  Bryologist 117: 329-335. 
 Chapter 8-11:  Tropics:  Wet and Dry Habitats 8-11-33 
Lopes, M. O., Pietrobom, M. R., Carmo, D. M., and Peralta, D. F.  
2016.  Comparative study of communities of bryophytes in 
different degrees of flooding in the municipality of São 
Domingos do Capim, Pará State, Brazil.  Hoehnea 43: 159-
171. 
Ma, W.-Z., Shevock, J. R., and Enroth, J.  2014.  Rediscovery of 
the monospecific genus Cyptodontopsis (Cryphaeaceae) in 
Mäg  fontinaloides (Hook.) Brid., 
Mak logical studies of 
McQ species 
McQ  o
l. 11: 119-128. 
Och d Bültmann, H.  1998.  Gradsteinia 
Och
achytheciaceae), a new species from 
O’S
Pette
 
20. 
a description of 
Pied
ização da Vegetação Arbórea das 
. 
e s.
Rank
ners, D. Y., Mackey, T. J., Castendyke, D., Schneider, 
Rein tamolejeunea polyantha 
 s
s ecology.  J. Bryol. 13: 33-38. 
ain 
Shev G.  2011.  
.,  
from: 
ssed Aug 30 2019]. 
ems of 
Volk
üdwestafrika (Namibia) I.  
Whi s, J.  2010.  Sphagnum moss disperses 
Wilding, 
t, 
Win
Win
and lakes.  N. Z. J. Marine Freshwat. 
Wol
China:  A species restricted to flood plain habitats.  Acta 
Bryolichenol. Asiatica 5: 141-149. 
defrau, K.  1973.  Hydropogon
ein periodisch hydro-aerophytisches Laubmoos des Orinoco 
und Amazonas.  Herzogia 3: 141-149. 
inde, A. M. and Odu, E. A.  1994.  Pheno
selected savanna mosses of south-western Nigeria.  
Experientia 50: 616-619. 
ueen, B. C.  1991.  Niche breadth and overlap of four 
of Sphagnum in southern Ecuador.  Bryologist 94: 39-43. 
ueen, C. B.  1995.  Niche breadth and verlap of Sphagnum 
species in Costa Rica.  Trop. Bryo
McQueen, C. B.  1997.  Niche diversification of Sphagnum in 
Bolivia.  Trop. Bryol. 13: 65-74. 
yra, R., Schmidt, C., an
torrenticola, a new aquatic moss species from Tenerife.  J. 
Bryol. 20: 403-409. 
yra, R. & H. Bednarek-Ochyra. 1999. Platyhypnidium 
grolleanum (Musci: Br
the Sudetes (Central Europe).  Haussknechtia Beih. 9: 259–
264. 
hea, B. J.  1997.  The mosses of sub-Saharan Africa 2.  
Endemism and biodiversity.  Trop. Bryol. 13: 75-86. 
Oyesiku, O. O. and Egunyomi, A.  2001.  Savanna bryophytes 
from the upper Ogun, south-western Nigeria.  J. Bryol. 23: 
67-70. 
siku, O. O. and Egunyomi, A.  2002.  Vertical dOye istribution and 
zone preference of bryophyte species on trees in savanna 
Southwestern Nigeria.  J. Sci. Technol. Res. 1: 87-92. 
t, A.   1967.  Bryophytes of the Sudan.  I.  Khartoum 
Province.  J. Trans. Brit. Bryol. Soc. 5: 316-331. 
Piedade, M. T. F., Parolin, P., and Junk, W. J.  2006.  Phenology, 
fruit production and seed dispersal of Astrocaryum jauari 
(Arecaceae) in Amazonian black water floodplains.  Rev. 
Biol. Trop. 54: 1171-1178. 
Pires, J. M. and Prance, G. T.  1985.  The vegetation types of the 
Brazilian Amazon.  Chapt. 7.  In:  Prance, G. T. and Lovejoy, 
E. T.  Key Environments:  Amazonia.  Pergamon Press, 
Oxford, pp. 109-145. 
, T.  2007.  Bryophyte communPócs ities at the  communities at 
the edge of Tunisian Sahara, with the description of 
Gymnostomum viridulum Brid. subsp. saharae, subsp. nov. 
(Pottiaceae, Bryophyta).  Beih. Nova Hedw. 131: 101-1
Pócs, T., Pócs, S., Chuah-Petiot, M. S., Malombe, I., and 
Masinde, S.  2007.  East African bryophytes, XXIV. Records 
from the dry lands of Kenya, with 
Didymodon revolutus var. nov. africanus (Pottiaceae).  
Lindbergia 32: 33-39. 
ade, M. T. F., Junk, W. J., Adis, J., and Parolin, P.  2005.  
Ecologia, Zonação e Colon
Ilhas Anavilhanas.  [Ecology, zonation and colonization of 
Anavilhanas arboreal vegetation.].  Pesquisas, Botânica 56: 
117-144
Piedade, M. T., Parolin, P., and Junk, W. J.  2006.  Phenology, 
fruit production and seed dispersal of Astrocaryum jauari 
(Arecacea ) in Amazonian black water floodplain   Rev. 
Biol. Trop. 54: 1171-1178. 
Prance, G. T.  1980.  A terminologia dos tipos de florestas 
amazônicas sujeitas a inundaҫâo.  Acta Amazon. 10: 495-
504. 
in, A. H., Pressel, S., Duckett, J., Rimington, W. H., Hawes, 
I., Sum
H., and Jungblut, A. D.  2017.  Characterisation of a deep-
water moss from the perennially ice-covered Lake Vanda, 
Antarctica.  Polar Biol. 40: 2063-2076. 
er-Drehwald. E.  1999.  On Po
(Mont.) E. Reiner & Goda comb. nov. (Lejeuneaceae), a 
poorly known rheophytic liverwort from South America.  
Haussknechtia Beih. 9: 299-306. 
Richards, P. W.  1984.  Sciaromium lacustre Herzog & Richards, 
sp. nov., a deep-water mos  from Lake Titicaca (South 
America), with notes on it
Ruiz, D., Moreno, H. A., Gutierrez, M. E., and Zapata, P. A.  
2008.  Changing climate and endangered high mount
ecosystems in Colombia.  Sci. Tot. Environ. 398: 122-132. 
ock, J. R., Ochyra, R., He, S., and Long, D. 
Yunnanobryon, a new rheophytic moss genus from southwest 
China.  Bryologist 114: 194-203. 
Shevock, J. R., Ma, W. Z., and Akiyama, H.  2017.  Diversity of 
the rheophytic condition in bryophytes:  Field observations 
from multiple continents.  Bryo. Divers. Evol. 39: 75-93. 
Silva Bonfim, M. A. da, Oliveira, R. F., Oliveira, R. R., Silva 
Gomes, G. da, Fátima Veras, M. de, Silva, M. L. A. da, Melo 
Nascimento, J. de, Silva, G. S. da, Santos-Silva, D. L. dos, 
Gaspar, J. C Sousa, D. H. S. de, Silva, A. M., Martins, P. R.
P., and Conceição, G. M. da.  2018.  Bryophytes in 
Maranhão/Brazil: A New Area, a New Species List. 
Available 
https://www.researchgate.net/publication/335288454_Bryop
hytes_in_MaranhaoBrazil_A_New_Area_a_New_Species_L
ist [acce
Terneus, E.  2001.  Aquatic plant communities of the páramo 
lakes of Volcán Chiles, Ecuador.  In:  Ramsay, P. M.  (ed.).  
The Ecology of Volcán Chiles:  High-altitude Ecosyst
the Ecuador-Colombia Border.  Pebble & Shell, Plymouth, 
pp. 55-63. 
Thaitong, O.  1984.  Bryophytes of the mangrove forest.  J. 
Hattori Bot. Lab. 56: 85-87.  
, O. H.  1979.  Beiträge zur Kenntnis der Lebermoose 
(Marchantiales) aus S
[Contributions to the knowledge of the liverworts 
(Marchantiales) from southwest Africa (Namibia) I.].  Mitt 
Bot Staats. Münch 15: 223-242. 
taker, D. L. and Edward
spores with vortex rings.  Science 329: 406-406. 
N., Hedderson, T., Ah-Peng, C., and Magombo, I.  2016.  
Bryophytes of Kenya’s Coastal Forests. A Guide to the 
Common Species.  Published by authors in electronic forma
66 pp. 
dolf, J.  1989.  Bryophytes in a subtropical mangrove 
community.  Austrobaileya 3: 103-107. 
ton, M. D. de and Beever, J. E.  2004.  Deep-water bryophyte 
records from New Zeal
Res 38: 329-340. 
fe, J. and McQueen, C. B.  1992.  Biogeochemical ecology of 
six species of Sphagnum in Costa Rica.  Trop. Bryol. 5: 73-
78. 
Yamaguchi, T., Nakagoshi, N., and Nehira, K.  1987.  Terrestrial 
bryophytes in mangrove forests in Japan. Proc. Bryol. Soc. 
Japan 4: 137-140. 
8-11-34 Chapter 8-11:  Tropics:  Wet and Dry Habitats 
 
 
 
 
